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(54) BAND GAP REFERENCE CIRCUIT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a band gap 
reference circuit, which is composed of only an 
enhancement type MOS transistor, capable of obtaining a 
reference voltage Vref of a little power supply voltage 
dependency and obtaining a satisfactory lowest operating 
power supply voltage. 

SOLUTION: This circuit is composed of P-type MOS 
transistors P1-P3, N-type MOS transistors N1, N2 and 
N6, a diode D1 and resistors R1 and R2, and the fixed 
reference voltage Vref is obtained from given high 
potential side power source VDD and low potential side 
power source GND at an output terminal ref. 
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it, v-xA<BJriBm2^ssa>m3coai^3am 

i?x$ co K M >I-J£a$*t KM >A<BtIfBm 1 

com6coa#am k^-^xsco Ku-osi/y- m- 
*«*#ty- h*<mifBtb73ai^icttsi$+ l .^m2^»s} 
com7coa#^am zm*.* z tzttmtt 

[0 0 1 1] ^-i^fcSa&fflaJS&imati 

<ffla^j!>^-£cDS2£aE£ai:oagiH::ff|.g>/'v> k ■ * 



l/77U>X@ST*fe7t, V— XtfifflEBia 

&fHttai::gHft£*i&g 1 mnmom 1 coaj^am k^ 
>v^i, v-7.A<HtrfBmi«mscomicos^3c)im 
h^v-yx^co km :>i=»«*;h.4mi mnmoms 

coa#am l-7>v^$t, KM>&tfy-h*<fliE 

m 1 #as?<om 8 coai^am k ^ > vxj co k m 

«J« * *t V - x 6««rE «a i= «n« * *i * * 2 # 

aMcomicoaj^amK^^XSi:, V-X*<iHrES 

'm&.ww.ffiizmffizti km >&t;y- ha^Em 1 as 
SMcom 1 rot^f h > vxs coy— H=&tt$*i 
sf&i^ascD^coa^amh^^x* t % km 

>^m!Emi ^mScO»2<Dm^3c!im K^VvXSco K 
M >l-S^$+ty— hA<lltrEaiAJim=ttljtS;h..&* 

2»aMcom6co«^5Sbs h=?>vx.$t. ku-t 
fiiam 2 ««^cos 6 commas h 5 > co v-x 
K><Mtfim2^ssicDm 1 com^am k 
5 > $1 coy- h izim $ ti 2 #ms!com 2 com 
SMt-7>^$ -4g*<fiiam2^m^com2co 

Si4ffliJS3SlCggS*+i.*m 1 CO&inS^i:. V-XA<fT 

E*«ffi««3Bictt«s4iy— h*<«rE» 1 mmmnm 
2 co m^a x h =7 > 55 x $ co y— h ic mm $ *v •& m 1 « 
a^<om3comi?am h^>i;x^ v— x*<«rsm 
1 ^msicom 3 coa^am h^^^x^co ku-oics 

comocon^am h^i/v?x^ -ssA^ftiEm i mm 

^com 9 com#3SbS h^VvX^CD KL/-f^l:SiJti 
*m2C0»fit^i:. Ty-KA<filTEm2C0tStam^c0 

**i«>y-f*-Kt» mte.mniti.M'mM&.vmtmn 
tt««aB«AB*i=«rE* i isaacom 2 com^am k ? 
>^x^<oy-K$^;u^^>-ri,fii!ia5t. ^tt^^ 

[0 0 12] ^f=. MEeiSSBI*, V-XA<mrESmfi 

ffl«aic»«**iy— H*<HiiEm 1 #«scom2com# 

am h5>vX$C0y-HC&fa$;h.£!g1^SIi!c0S 

1 ocoasam K^>v5x^<t. v-xA<mEm 1 mm 
Scorn 1 orotuai h^^vx^co Ku-f>i:gs$ 
nx k u-r >&i;y— h*<MEm 1 ^a^com s st/m 9 
coanam h^^vx^coy- hicsastismi #m 
scomi i©tsMh7>v7.$t, Ku-f>ao:y 
- k *<mjEm 1 mm.mo% i 1 com^am h 5 > -^x ^ 

(O KM >l"SSI$4xv-X3!)<firE<£Sefflm3Slc}gg| 
$4xi»m2«SmSCOlB8CO»^amh^>^X^i:, - 
SSA^HfiEiS«(4fliia^ir $ m 3 coftfctffi^- 1 . 
KM >*<HtrEm 3 cosm^cofifessicsa v -x 
4<«rE««ti«*ai=»«*4iy- h*<BJrEm2^as 

2 sm^com 9 coasam h^>vx$ km->*< 
flresR 1 #a§2cDS5 2 coa^am k 5 > vx 51 <oy- h 



[0 0 13] jj-fc, #S.64lfc**ttfl|*aao:««t4 

u-r i*jk.Wf- 1 9ti0)i i 2 03S#5»m 

fjiem 1 1 2<oisMh7>^«)Ku 

•^?t, km >A<mifam 1 *«§203ffs 1 3 ro®^ 

ft*) V— Kj6«llWB«*i4fll«ai=«M«**L** 2 «>4r-f 
Kfc. -Ml3&<llWBtB*«l^l=tt«**itt4|j!i<0^il= 

♦t**6©«ta**t. 7y — Ka6<linEW6a)tttit** 

mi 3a>tjuaai k^>vx^<dv— xi=»«**i.y— 

Htriem2^msjo?mi 4<dh#5»£ h7>v^a)v- 

©n 2<75m#3a^h^>5;x^i:, -tttf-ffiiEat2« 
2©ms3as K7>i/x$©v- 

[0 0 14] 

LTi&Bj*-r-&. n 1 1*. *nwo>m 1 ronis©^ 

•So E 1 lcij*-rj:-5lc. ^^HJ<DM 1 G)IISS(DfiJffiro/'C 
> K • • U"7t U>XE&li, PIMOSI-7 

>VA5 P1~P3t. NlMOSh7>y^N1, 

R2£, t>*tfi££*U -?-^.f.*tfc^StifflS31VDD 
Xl/(5mCi{Htt35GND^f,-Sa)«*ttffV r e f £ 

[0O15] PIMOS h7>-yX5i PKDV-XIJS 



$N 1 (0 KU-fl/S^- M*P§>MOS h7>vX$ 
P 103KH->l::ffM£$*U NMMOSh7^-^^N 

[0 0 16] PiMOSh7>v^?P2©V-7lil 

P2a)Ku-f>au;y-hiiPSMos h ^ >-;*;*.$ p 

1 03$"— Hcfgig|$+tS 0 NlMOSh7>V^j!N6 
03 KU"f MJPiMOS h^^^X^i P 2 05 Kl/-f >|r 
1S8S$*U NlMOS \~=7>V*$ N 603-7*— MitiiTJ 
SS^r e f l=*«**l.*. 

[0017] NlMOS h7>y^9 N 203 Kb-f >\t 
N5!MOS h7>vX$N6(DV — XICfgiSi$^i. % Ng 
MO S h^>-^X^ N 2 03-7*— hliN^MO S 
X$ N 1 03>7*- H=»«**t*. SfiifTR 1 OD-ttli 
NlMOS h7>vX$N2©V-X|CftS^^ ffift 
1 0)ttWtiEtttNOG N D ClHISfti . 

[0 0 18] PlMOSh7>vX^P3(DV-XttI 
«tt««»VDDI=ft«S*L. PlMOSh7>vX$ 
P3fflY- hIJPlMOS l-7>'yXii P 2(0-7-*— MC 
Sfi^ti, PlMOS h7>v^P3©Kl/-f>li:tli 

MOS h7>vX$P30KM>lctliJ^, 9 4 Or 
-KD1 ©7y-Kl4«»*^R2<0tt«||c»«$ii. 
f-f 3j— KD1fl)* V— KI*1S*1ftfl!*aG N DCZgM* 

[0019] *tz±.u<»mm-t5^x , PIM 

OSh7>WP1, P 2&I/P 3 03-7*— h^SLCy 
— Hi*-t*VP*l.H— "M X£ U NlMOSh7>v 
X$ N 1 In*} LNfgMOS h"7>C?X$ N 203-7"— hfi 
tMXfcU Kiti^Mfgi: L, NfSMOSK 
7>VX$N 1 603-7*— hgfil/¥- Hg£l~"J- 

th-fXt LTU-*S„ 

[0020] -fcicgjf^iftB.'j-f -g> 0 -tfEoxftisiZcfcy, 

^j^.i*"sm<4flii«3iv d d (tism^flim^G n Drson 

Z>£?lz&WlLTt,* NlMOS(-7>vA 

* N 203 Klz-OW. *mtt*±V r e f Jt^ibNfgM 
OS h7l/i/X9 N 6 03$* — h • V— X|k , ie£E$Hgl^ 
telcSS^ttTNMMOS h7>yZ$ N 203 KU-f > 

• V-XF B ia*£Igli!)>!i<j*n^.'*>^i)fcto. 5C2 03A i d 
(1) Jb*M'>LT-£ 303A V r e f A*M'>L. 7 — 'J £tl 

ftG>£*fiMg*3*U «3S«r±«c#tt03'>^p^S 1 ICjr 
■f&mMKV r e f A<|§t)*l.i. 0 
[0 02 1] $t>IZ. 0!I^I4. SilEV re f $1. 
25VtL. T"^'J— *>a >M03NfgMOS r-^>vX 
^ N 403HHilSl±^ O Vt X>/\>X^ > hS03N 
SMOS K^>i?X$ N 603BfMm!"E£ 0. 6Vi"Ttv 

SI-fclt^NfgMOS h : 7>vX^N2 03r*H'>m<-i 
i:. E38|-:^-rm2 03SeJfe^l03/*> K • • U"7 



7 U^XlHlg&IC&l+SNlMOS h7>vX$ N20K 

M>fraii»8HC/W7xi::fc*<D-c. #Hffia>S2ag 

(D/OK • ^f**? • 7 U>X 0^(4^2 (7)fi£3fc0lJ 
[0 0 2 2] Bl±KSlLfc<fc?l::. *«/£lc<fc;»x[4. x 

>/\>X> > hlMOS h7>vX$^t«J^ 

>K • t/>X[o]gS^||S-C^^)o 
[0 0 2 3] H2(4. *%n<Dft2(DSItfia)»n 

?7 U^XES&li. PiMOSh7>V^$P1-P6 
NSMOSh7>vX$N1, N2. N3&tfN6 

flWtetu ^^«i*tfciSm(iffl!l1i3SVDDXl/(£Si4ffliJ 

[0 0 2 4] PSMOSh7>V^$P10)V-XliS 
•ffiM*XVDDlCtt8t$tl«. NSMOS h7>vX 
$ N 1 (7) KM Mi PlMOS h7>vX^ 

P 1 <D KMXcflMftjFtu NiMOSh7>vX^N 
1 (7) V - X GNDi:»«S*l4. 

[00 2 5] PSMOS h^>:xX£ P 2 (7) V — X (4iSj 

P2(D KM ^&lf?— HiPlMOS h7>vX^ P 
1 CDy— M:ifggS$;K£ 0 NiMOSh7>vX$N6 

(7) Kb^fXiPSMOS h7>vX$P20 KU-f>l: 

8M3l**U NSMOS h ^7 >^X£ N 6 (7)^ — hl4t±J^3 

[00 2 6] NiMOSh7>vX^N2(DKU>f>[i 
NIMOS H7>VX$N60)V- XI:i&86$*U NS 
MOS h7>vX^ N 2 0^- MiNlMOS 
X* N 1 H=««**L*o SfjitTR 1 (D-fflH* 

NIMOS h7>vX*N2C0V-XlC&g!£*U »ta 

[00 27] PgMOSh7>vX^P30)V-X[iI 
«(4fl!l«aSlVDD|C»«S*t. PiMOSh7>v7? 
P 3 (Df— Mi P SM O S h7>vX^ P 2©y- He 

»«*4x5o PlMOSh7>yX^P5a)v-xiiP 
IMOS h7>v^^P3fl)KM XcttMftSiu PI 

MOS h7>V^ P 5 (7) KMXittlAtt? re fC 
»IKStL6. »fiiJ§^R2(7)-aSliPlMOS h^>v 
X* P 5<7> KM >^Sfic*4x4o y-ft-KDKOT 
^-KI**tt*^R2<D«!*|»rtt«S*i. y^^-KD 

1 (7)* V- Kl±1K*ttffl|*aG N DlC»ttaF*L*. 
[00 2 8] PlMOS h7>v^^P4^V-Xlil 

P 4 OXr— Mi PlMOS h7>vX$ P4(DKM> 
I^SScStlSo PgMOS h^>vX£ P 6(DV- XI* 

PlMOS K^>vX*P4(7)KM>l::&ia£;h, > p 



imos h7>vx^ p 6(7) km Hi PS 

MOSh7>5X5iR5©y-H:»ttitii 0 NSM 
OS h7>i/X$N3©KM>liPlMOS h7>v 
X$ P 6(7) KM >IC*«aF*U NlMOSh^>vX 
*N30)V-Xli««ttffl*aBGND|C»«|**L % NI 
MOSh7>vX^N 3<D?— hit NIMOS 
X* N 1 (7)^- h(cmSc*H4o 

[0 0 2 9] ^fciffiCDftJtfclCfcl^T. PIM 
OS h7>vX* P 1 - P60¥- hft&tf?— hig$ 
fHf^B-^XtL, NfMOS h7 >VXJ N 1 
IC^LNIMOS h7>vX$ N 2<D7— Kfi£H— th 
-fX<hU y — hitS^-Mfai: Ls NlMOSh^>vX 
N 3MN 6(7)^r— hS&l/^— — 9* 

[0030] jKirftf* ±E0>«iaicj:y % 

w^iissfiEfliiaasv d d tissiiffliisasG n Dr 0 ^i 

ff^**-T*J:3lc*liLrt». PlMOS h7>vX 
^P30)KM> - V— XPalttJEVDS (P3) tPM 
MOS h7>vX^ P 2(7)f— h • V-Xr B 11EVGS 
(P2) <fcA<*L<fcyit2<DA i d (2) *<0<b:ft 
"J. NIMOS h7>vX^N20KM>H4 

£<s SmSJEV r e f NIMOS h7>vX$ N 6 
(7)^-h • V— X|H«flE»«l^«ttl3B3eS*irNfflM 

os h7>vx^ n2okm> - v— xramn^ia^ 

ffll*. 5£2(7)A i d (1) *)<^'>LT3t3CD 

AV r e f *<*'>U 7-U&S<7)fBSW{5IS$*l. « 
SB«ffitt#ttO>'>«:l*5t 1 ic^tSfiEV r e f tfft 

[0 0 3 1] *§gJ£(7>ff£ffi<7)/*>K ■ 

• U^T U>X[e)S&|::fcl+£NlMOS h^Vi/XSN 

2(7) KL/^^mfit. si icnt-r*^0^(7)mi (7)Hffi(7) 

ff^SCO/O K - ^f+yZf* is? 7 Ul/XES&lC&lfSN 

imos h7>vx? n 2(7) km vmiiihiii^c-efc 
xiussiiu 1 ic^-r^Bjom i (7)hs£cd^^(7)/<> k 

[0 0 3 2] ia±lft?3Lfccfc5l^, *£J&0)]f*ffilzJ:*L 
(i % i>/\>x>>KlMOSh7>vx^^-eM 

«t#tt*^><c< . S«lM«Mffit,ft»«:/<> K - * 
V^^- U^r U>x(h1^^SI^-C^S 0 
[0 0 3 3] ^fC. S3li. **K(D«3 0)SIJfia)®ffi 
(7)/<> K • • U^r U>X[sl^<7)mi$^}"Cfc 

So *mW<Dm3<DmM<Dmm<b'*> K • 3rV *v ~J • U 
^TU>X(Hl^i:. S2lZ^-T^B^(7)m2(7)||j6S(7)^ 
®(7)/\> K • ^f^^^ ■ \sZ?7 U>XlH]^i:(7)^fi£(7)ffl 
SSP^fi. pSmos h7>vX^P7*<ilJn$^ p 

IMOS h7>vX^ P 1 (7) KM ><h NIMOS 

>vx$ n i (7) km >rzs7- htcDmimmzvtx. 



T\ PSMOS h7>vX^ P 7a)V-XA<PSMOS 
h7>vX^ P 1 <D KU-T >lC»tS**L, PSMOSh 
7>vX$P7(DKL/^ >^NlMOS h7>vX$ N 

i©KL/-f>ai;y-n:ft»^ pg?Mosh^> 

VX? P 7 0^- h^PSMOS h^>vX£ P 6(7)V 

[0034] *fc±ca>«ijanctet\T. msM. PIM 

os h7>vx^ p i ~p i<D*f— hft&tfy— h*g£ 

ftLf*L0-^XiL. NiMOS h7>vX9 N 1 

|:^LN£MOS h7>vX$ N 2 coy— h**H— * 
-YXfcU y-KBSMfttL, NlMOSh7>vX 

>nk n 3atf n e©y- matfy- msn- * 

[0 0 3 5] *lz«|f*S|JlWr-5 Q ±E<D«jaicJ:y % 

M^axvfiflvaiiv d d te«fiffly»35G n d fhi h 

EE^«*-rs<fe5lc^lftLrt. PSMOSh7>vX 
£ P 3(7) KU-f > ■ V— XMtEVDS (P3) fcPl 
MOS h7>vX^ P 2.<Df— h • V— XfHUIEVGS 
(P2) <t^L<^yxt2(DA i d (2) *<0 4:£ 
y. NSMOS h7>vX$N2(DKU^>lfi 

S$tEV r e f ^bNSMOS h7>vX$ N 6 
CD?— h • V— XP B 1SI±»(5l>«iilC@S**LrNMM 
OS h7>vX^ N 2(0 KU>T > • V-~XlB»EE£I!)A< 
ffl^^H^iri: PlMO S h v P 1 (7) K 

L"<> • V— XRSiSlJEEVDS (PI) tPlMOSh7 
>vX$ P 2(7)^— h ■ V— XFaimEVG S (P2) <b 
^L<>S^-<b:-exe2CDA i d (1) &lC3jE'>L 
tiC3(0AVref^bl:M'>L, 7-'J»*<D»» 

[0 0 3 6] S?>(C. *|gJS(7)J&fg(7)A> K ■ 
• U3>7 U^XESSlCfclf^NgjMOS h7>vX^ N 

SMOS h7>yX^ N 2<D KU>f>m{4 cbli^CT'fc 
£(7)-e. *HS£(Dff^(D/<> K ■ *cWf ■ 

xs^iigi 2 i:^t*^Bio)i 2 <DmM<D$m<D'<^ k 
[0037] ]cL±mmLtz*5iz. * t mm<DJtm\z&*i 

If. x>/\>x>>hSMOS h7>yx$0MM 
flM£»ft*a*E K ■ * 

[oo3 8] &ic, @4ii. *mw<Dm4(»mm<Di&m 

(D/<> K • ^r-V V ~J - Lx>X[eJS§(7)tg/£@T*fc 



fg(7)A> K ■ ^-V v ~J • l/77b>XHlffit«(Dffi 
2SS#f*. NiMOS h7>yx$ n 7ri<ii7jn;**u P 

SMOS h7>vX$ P6(D KW>Sl/y-hi:Nl 
MOS h7>yx^ N 3 (7) KU-T >£<DS&&g&fzft;i 
*t\ NSMOS h7>yX?N7(DV — X^NSMOS 
h7>vX$N3© KU^>IZ»tt$tl. NSMOSh 
7>yXj N 7(7) KU>T V^PSJMOS h7>yX5 p 
6(7) KU-f >RTS7— hizmmZtl. N$MOSh7> 
VX$N7^» hjMH*«»r e f |Z|S«$*i4»» 

»i3fira-»**«LT-ta>Bi?B**iiiS"r*. 

[0 0 3 9] *fc±CO)<«^|rfcL^r. «iU** PIM 
OS h7>yX^ P1-P ICDf— hS^Lf^y— 
*ft€*^--"tM r X£ U NfMOSh7>y^$N1 
CJtlNlMOS h7>yX$ N 2<7)<f— hft£H — tT 

^rxtu y-miM»tL, nimos h7>yx 

?N1, N3. N 6MN 7(7)^— hft&tf>f— h«g£ 
[0 0 4 0] *fciftft*K«-r* 0 ±E0)«jaicj:y. 

mmtn'mi&mmMv d d t estafijaagG n arson 

EEjW9*^4«fc5f::£»lLTt,. PSMOSh7>yX 
£ P 3(7) KU-f> - V— XFb1®EEVDS (P3) tPl 
MOS h7>yX^ p 2<7>y— h - V-XBIEVGS 
(P2) i:A<f L<feya2(DA i d (2) 3&<0i:6 
y. NSMOSh7>y^N2(DK^>ifi 
7b<. S^SGEV r e f^bNgMOS h^>^X£ N 6 
(7)y— h • V-^H*E»ft^«fi|ZigStltNlM 
OS h7>yX^ N 2(7) KU-T > - V— xPJiaEESE«iA< 
ffl*. £>*i££ tile. PlMOS h7>yX^ P 1 CD K 
L"T > • V— XFiUmJ±VDS (P1) i:PlMOSh7 
>yX5 P 2CD^f— K • V— XFbISBEVGS (P2) £ 
7b<^L<3fey. £ blCNiMO S h7>yX^ N 3(7) K 
U-f S^HEV r e f A x bN IM O S 

yX$N7^-h ■ V— X|H«ffi»«L^«ttlCfflS* 
tltNiMOS h7>yX$ N 3(7) Kb-f > - V— XRU 
tESSlW^b^S C £ TrS 2 (7) A i d (1) ^O^ 
^yS3(7)AV r e f^Otftot, *J 2tl^(7)^g 

m3smi±tt#tt(7)»LNxC 1 (c^-rsmmi±v 

[004 1 ] *Hffi(7)^^<7)/<> K ■ ^r^^^ 

■ U>X[5]^lCfclti> NiMOS h7>yX^ N 

2(7) KU>T>mi4ir. S3lz^^^B^(D»3(7)SlteCD 

SMOS h^>ixX^ N 2(7) KU-f ^nQ-t\£mtV&> 
-S(7)T?. *^JS(7)^S(7)/N> K ■ 3^ V "J - is?7 U> 
X0Kli@3ir^-r**^(7)m3(7)SIJg(7)^®(7)y<> K 

[0 0 4 2] ia±UiB^Lfccfc5(z x *SIJfi<D»8Blc**L 
IS. i>A>7>>hlMOSh7>yX^(D^T'M 



**u **wo>*3a>iijii(7)»ttcky t*&iz«a*E 
[0043] H5I4. **wa>*5(D*«a)»« 

>VX$P1-P3, P8MP9t, NSMOSh7 

iam+Ri&zSRzt. m3gSAB#(7)smmi±v r e f 
*u eagpsTii, PiMosh7>vx$pi osy 

P 1 1 NSMOS h7>vX$ N8-N10t, S 

V D DttfClttlUG N D*6-*fl)WHEV r 
e f ^aJrtSTr e f |:i»* D> 

[004 4] PiMOS h7>vX$P1©V-XliS 
«(affl»39VDDIZft«$tl*o PlMOSh7>vX 
£ P 8(DV-XliPiMOS h7>V^5i P 1 <D KU-f 
>l^f£Jrc£*l£o NSMOS h7>vX$ N 1 CD KU-T 
>RZff— P MM OSh7> i^X £ P80)K U-f > 

tt&fllVn G N D icttM £ *L -5 o 

[004 5] PIMOS b^>v*£ P 2CDV — 
«faffl««SBVDD!Cl£«Sjh. % PiMOSh7>vX^ 
P 2 CD KU-f >&l/y— hliPlMOS h7>vX^ P 

1 CD^— Hcfg^£;h,& 0 NlMOS h7>vX$N6 
CD K W XiPlMOS h7>vX^ P 2 CD KL/^TXC 
J£*?E£*U NiMOS h7>vA^ N 6 (Df — hi&ttjJj 
$5^ r e f ICf^^tt^o NiMOS h7>vX^N2 
CD Kb-f XiNiMO S h7>vX^ N 6 CD V— Xlrjg 
Sc£*U NSMOS h7>V^^N20)y-hliNiM 
OS h7>vX^N1 (0y-H:*«S*i4. ata*^ 
R 1 CD-a£l£NSMOS h7>vX^ N 2CDV— 

«SLX?R1(Df&«tt1S*ttA*XGND|Ctt 

[0046] PiMOS h7>v^^ P 3CDV— XttiK 
mtefflm^V D D|:if£gE2*U PSMOSh7>vX^ 
P 3 CD?— hl^PSMOS h7>vX^ P 2 (D^— hlC 
l£f*c£*l£> 0 PSMOSh7>vX^P9(DV-X[iP 
IMOS h7>vX$ P 3CD KU-f >lcf£g|£*u PS 

mos k^>vx^p9cd Maajaas-T- r e f ic 
»aa?*t4« act** R2o-siipgMos h^>v 

^-Ktt«***R2©««l=fMB**i. 4T-f*— kd 
i cd* v- KlifiSfifiySSG N D Icflcfjt £ tt-So 
[0 0 4 7] ^blC. fitftSUSTI*. ^mteiUm^VD 

DRis&niiLmnmG n dsakhpsmos 
p 2 ay— h* ^^>t§c 

[0048] fit, MISSUS TlCfcl^T. PiMOS 



h7>vX5 P 1 OCDV — xl*iS®teffifl®3§VDD|::|g 
PSMOSh^VvX^PIO^-hl^PS 

mos h7>vx^p 2(d?— hizmmzti&o PSM 

OS h7>vX$ P 1 1 OV-XliPlMOS 
X* P 1 OCD KL/-f >lC»«aFtL. PSMOSh7>V 
X?P1 1 (D KU-T >&tfy— hliP!MOSh7>V 
X*P 8Xtf P9(0y— H=ttttS*l*. NSMOS H 
7>vX$ N 8 CD KU-f >^l/y— H£ PSMOS 
>?X$P1 KDKU-OCgSStL, NlMOSh7 
>vX* N 8 0>V—X G N DlCft«**L 

So 

[0 0 4 9] ttftjR^ R 30-«tt»ttt«tJ|lV D D 
iCfg^^HSo NlMOSh7>vX^N9(DKb>f> 
l*»*a*^R3 0)|ftS«IZ««*4x % NlMOSh7>v 
X*N9<DV— Xf4itt*i4««3iGNDIZ»«*ti % N 
SMOS h7>vX$ N 9 CD-tr — h li NSMOS h =? > 
yX$N8(Dy-K:ftaj*l4o NlMOSh7>y 
X* N 1 OCD Kl/-f>l*PlMOS h7>yX^ P 2 CD 
>f— MClSttStU NSMOS h7>yX$ N 1 OCDV 

— xii(s«(iflj«aaGN Diz»aa?*i, nsmosk^ 

>vX£ N 1 0<D?— h (4 NSMOS h7>yX5 N 9 
CD KU-f 

[0 0 5 0] *fc-hlB<Dfl|jatirj3tNT. PSM 
OS h7>yX5 P1-P3, P8-P1 1 cDy— 
atfy— h«*-f*L-f*LB— U NSMOS h 
7>yX5" N 1 C^LNSMOS h7>yXj N 2CD^ 

-HftB-*-fXfcL, y— h«*Mf&tL. NSM 
OSh7>y^$N1, N6. N8-N1 0(^y-hfi 

[0051] fticaftetHrr*. ±ea>«rtir«fey % 

fl^iatfimiv d d £«»ttfflj«aiG n dmo>* 

1±b<mtt £<fc 5 icMtLTti^ PiMOSh7>yX 
£ P 3 CD Kl/-f>W«tttifJ|GN D*tt*t&0> 
NSMOS h7>vX$ N 8CD^— h • V— XBHtEV 
GS (N8) <b P SM OS h7 >v7.$ P 9(D? — h ■ 

V— XPpIBUVGS (P9) tcDfocDrntet^^ct 
"C. PSMOS h7>yX$ P 3CD KU-O ■ V— XPbI 
1EVDS (P3) j!)M£<ffl;L£>*U x£2CDA i d 
(2) 7b<M'>L. NSMOSh7>vX^N20 
KU-OffiA^ S*1EV r e f^bNSMOS 

N 6 (D^— h • V— XP H 1«JE»(£t^*f4lzHS 
$tLTNSMOS h7>yX$ N 2 CD Kb-f > • V— X 
IW»ffiXM*<H]*&*i*±: til-. PSMOSh7>y 

p 1 cd Ku^>a{i^tesefimi§GNDm(i^»b 

CD NSM OS h7>yX^ N 8CD>f — h • V-XflfE 
VGS (N8) <t PSMOS h7>yX^ P 8CDy— h 

■ V— XfiUmiEVGS (P8) ^CDfQCDSfiir^SCi: 
"C, PSMOS h7>yX^ P 1 CD Ku-f> • v— xFbI 
1EVDS (P 1 ) A<«< flP5L&*U 5E2CDA i d 

(1 ) *)<M'J>LT5£3CDA V r e f a<2£'> U T-UxS 



[0 0 5 2] S&fC, *HJg(D^g|CD/0 K • *r*vZf 
• U>X[Hlffi|rfclt^)NMMOS h7>vX^N 

2 CD Kl/-f>tffii, g!2lCS"r**B^COm2(7)||S£(7) 

smos h7>vx^ n 20 Ku-r >«iati*rai:-e"* 

£><D"e. *HJ£(Dft2j||CDA> K ■ b77b> 

xsieiiH 2 ics-r*3e9ia>* 2 (D3ii£cDff2fS0)/<> k 
■ a* % v >^ • u^TU>xisi»tH«a)a»«:««»fiF 

[0 0 5 3] jglft^S TCDlSfElCOlNTlftej^ 

i*#y— h • V-Xrel^fi^LTiSSfiflmaiV D D 

NSMOS h7>vX^ N 1 J&tfN Z(Df— hBtel*^ 
• V-X|HIMS^LT««(a««aiGND«ffi 

[0 0 5 4] LfrU «3SftAlta(Ctt % NSMOSh 

7>vx^ n 1 o o h ^fisii^ r 3 1; «): y lie 

flO»aSVDD«f4IZ^;UT^^a?*t4(3!)-e. NSMOS 
h^>:xX£ N 1 0(*fitHir^->$*L. PiMOSh7 

>vx$ p i ~p3Mp 1 o<nf— hn&tfzrju?''? 

>£4x> PlMOSh7>vX$P1-P3MP10 
[0 0 5 5] fit, PSMOS h7>vXii P 1 0 I" 

/W7x»a*<aE*L4t. piMosh7>^x$pi 

1 SI/NiMOS h7>vX^ N8MN 9lc£/WT 
Xia^f L tl^a)-C\ NlMOSh7>vX^N9<0K 
b-f >tattfitttfl)«SG N D tttfc ft y , NSMO 

s h7>vX^N 1 0l*;J-:7#SlcM<5o 

[0 0 5 6] GLtKfiLfcJ:?!::. **J60)»||lCck*L 

If. i>/\>x^>SSMOsh7>vx^0)«^ 

[0 0 5 7] jfc|:: % H6l*. *«Haft6a>XiftD»S 
(D/*> K ■ ^f-W ^ ■ U?7 U>XE»<0«jaB-C& 
£o g)6f-^f cfc5lZ. **Bjl<Dm6CDgiffiCDfl^CD/\* 
> K • ^V^^ • U>*E]»I*. PSMOSh7 

PI 2-P1 4 NIMOS h^ >v>X£ N 
1 1 ~N 1 4fc. iT-ft-KD2WD3t, Staffs 

S(7)S^S£V r e f ^tb^Sa^ r e f IC*#£ 0 
[0058] NSMO S h7>vX$ N 1 1 &ZfN 1 2 



i*a«i**iai3*5it*a»»*«irtL. PSMosh7 

p i 2Wp 1 3l*2ima>ttlMft£ttj$-r 

[005 9] PiMOSh7>vX^P120)V»Z[j: 
Jt«tt««fflVDDlCtt«$4i*. PSMOSh7>v 
X$P1 3 0)V-XI4*«tt«*ailVDDlCtt«**l. 
PiMOS h7>vX$ P 1 3(D KU-f ItRTf?— hi* 
PIMOS h^>v?X$ P 1 2<D>f— Hcfta**!.*. 

[0060] PSMOS h7>vX^P1 4(DV-Zli 
*«tt««aBVDDlC»tt$tl. PSMOSh7>vX 
9 P 1 4<D Klz-f >(*tb^iS^ r e f Icfttt^tu P 12 
MOSh7>vX9P1 4 0)^- hliPSMOS h^> 
yx$ P 1 2 CD Kb'f >\Z\%$t£fLZ> 0 

[006 1] NSMOS h7>yX?N1 3 CD K U-f > 
I* P MM OS h^>^X£ P 1 2 0) Ku-f i/irtett* 
*u NIMOS h7>yx$ N 1 3 0)^- hl*ai*3S^- 

r o ff fC»«S*l4 0 NIMOS h7>yX$ N 1 4 CD 
Kl/^fXiPlMOS h7>yX$ P 1 3 CD KU-f >[z 
ff$rc£*U NiMOSh7>5WN140y-H4U 
^liS^r e f 

[0 0 6 2] SftX?R4CD— WtHANH-r e f |c« 

[O 0 6 3] tSta»^R5 0D-i»(*ai*ag^ r e f Icjg 
«tt*^R50)ffi41l***A|r««|**i« o fg 
ta*-¥-R6(D-«IH48BjSA|cJfjBISF4xSo y-f*— KD 

— KD 3 (D* V— Ktt1E«ttMU[G N D[CfS^$ti 

[0 O 6 4] NIMOS h^>ixX£ N 1 1©Kl/-f> 
I4N1MOS h^>v^X^ N 1 3CDV— 
NSMOS h^>v>X* N 1 1 ©y- hl*£V*-— K D 
2(DTy-KICtt«$tL«. NlMOSh7>y^N 
1 2 CD K U-f XiNlMOS h^>^X$ N 1 4CDV — 
XIC}$gS$*U NSMOS h7>yX$ N 1 2CD^f— h 
U0jfl[A-lcmi»tL«. 

[O O 6 5] £«3lEaa I 1 CD-3S(*N^MOS h^>v 
^N11 atfN 1 2CDV-X|Cf£gE$*U CUB I 

1 a>«uittic«ttfliUG n d \zt$ mztiZo 

[0 0 6 6] ^fc±fBCD«^|Cfctxr. PMM 
OS h7>yX$ PI 2~P 1 4CD>f— hSS^- h 
flBS-ttl-FftH— 9">fX£ U NiMOSh7>yX$ 
N 1 1-N1 4CD>!f— hfi&tfy— hHSH-*-fXt 

[0 0 6 7] *iz»^*»?B-r*o ±IBCD«J«|Cj:y. 

«K.i*sm(ifflifiiiv d Dti&m&mwMG n omom 

E^^-r^^^lc^lSLrt. NSMOS h7>yX 
5N1 1 CD K U-f S^IEV r e f^bNl 

MOS h7>yX^ N 1 3<DY— h • V— XraSJEtfte 



l>S{£!C@££;txT NSJMOS h7>vX$ N 1 1 CD K 

>vx$ n 1 2 cd Ki/-f>t(i^ ammaEv r e f ^ 

bNSMOS h^>vX$ N 1 4 CDy— h • V-XBl 
IE»(Sl^(4lr@S$ttTNSMOS h7>vX$ N 1 

SMOS h7>v^5 N 1 1 XtfN 1 2 147— 'J 8)^(7) 
«»*»ltr. ^CNSMOS h7>vX$N 1 1M 
V r e f =N' x ( k X T-i-q ) x 

XElttJ-fcltSNSMOS h T > vX£ N 1 1 atfN 1 

2 0>Ku-f 0 i ic**-**^* i onsficD 

Jf2ffi(7>/0 K ■ *r*v? - lsZ>7 U>X[s3gSlcfclt^N 
!MOSh7>vX9 >»(at(4Hi:t?fc 

XES&I40 1 lc^-r**8j0>* 1 <D3UEO)»88(D/<> K 

[0 0 6 9] 6LL|M!Lfc«fc3l::, **«(D»fflirj:*l 
IS. I>/\>X>>hlMOS h7>5X$(D^t'ii 
««fftt#ttjWK<. flMSlbft*attI£t>J&& 

[0 0 7 0] 

> h^CDMOS h^>vX*<D^^«J*£*U 
UlStk^'XH^IflEV r e f & 

14. $&f=iE«ii*M*<««**ifc/<>K-^-v^^- U 
77i/>xniBSSiat#«zir*U, S3(DM 
I*. f^U-va >S(DMOS H^>vX£ £tefflL&: 

*«"<?#*C4:"C*y. «4 0»j|ll4« f?'J-v3> 



ni 2oy— h«aaaiMc«L<«ic«. 

[0 0 6 8] Lfctfots StalR^ R4&tf R 5 0>J£iS 
ttSJSttfc^ReOfcttttarsr «fcU y-f*— KD 

If. d3*3S^ r e f i*6B\ q ^m^COm^*. k£7tf 

;u*w>s§fc. TSffi^as, vf (D2) £$r-f3j-— 

|C^f*^mJ±V r e f4<»bh«. 
I nM' +VF ( D 2 ) ■ • - (St 4) 

[0 0 7 1 ] 

[0 i ] *^B^a)i i <DXIfe0>MBa>/t> K ■ ^ 

[0 2] **M(D«2a>|tffi(D»ffia>/^> K • *F*yZT 

• l/77L/>X[9]!8a)Mit'feS 0 

[0 3] MRoflt3(Diiik0!)»aia)/<>K'-^^7 

[0 4] **W<D*4(D*»a)»»(D/^> K • 

• l/77b>X@S0)il$it^ o 

[05] *5£BMomsomi&mm<D'^ k ■ 

• u^t u>x©g§(DiS/£0r*&^o 

[0 6 ] *f§0^(Dm 6 a>8iisa>»ffia>/<> k 

[0 7] *1<D«E*«<DA>K-^7?- 

xiHis&<D«jS0-efe^>o 

[0 8] S2a>t£3fe«<DA> K • U37rL/> 
WWIWfl] 

P 1 — P 1 4 PiMOS h7>VX9 
N 1 ~N 1 4 NIMOS h7>vX$ 
R 1 - R 6 gfcif^ 
D1-D3 y-f 3J-— K 

I i £113535 
ST jgUSP 
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